Identification of a pathogen is a critical first step in the epidemiology and subsequent management of a disease. A limited number of pathogens have been identified for diseases contributing to the global decline of coral populations. Here we describe Vibrio coralliilyticus strain OCN008, which induces acute Montipora white syndrome (aMWS), a tissue loss disease responsible for substantial mortality of the coral Montipora capitata in Ka ne'ohe Bay, Hawai'i. OCN008 was grown in pure culture, recreated signs of disease in experimentally infected corals, and could be recovered after infection. In addition, strains similar to OCN008 were isolated from diseased coral from the field but not from healthy M. capitata. OCN008 repeatedly induced the loss of healthy M. capitata tissue from fragments under laboratory conditions with a minimum infectious dose of between 10 7 and 10 8 CFU/ml of water. In contrast, Porites compressa was not infected by OCN008, indicating the host specificity of the pathogen. A decrease in water temperature from 27 to 23°C affected the time to disease onset, but the risk of infection was not significantly reduced. Temperature-dependent bleaching, which has been observed with the V. coralliilyticus type strain BAA-450, was not observed during infection with OCN008. A comparison of the OCN008 genome to the genomes of pathogenic V. coralliilyticus strains BAA-450 and P1 revealed similar virulence-associated genes and quorum-sensing systems. Despite this genetic similarity, infections of M. capitata by OCN008 do not follow the paradigm for V. coralliilyticus infections established by the type strain.
B
acteria have been implicated as etiological agents in many coral diseases; however, a causal relationship between a pathogen and disease has been established in only a limited number (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) . Disease presentation is frequently characterized by one or both of two physical processes. Bleaching is the loss of photosynthetic symbiotic zooxanthellae from coral cells (12) , and tissue loss is necrosis and eventual sloughing of infected tissue that exposes the calcium carbonate skeleton (13) . Both of these responses can lead to the death of entire coral colonies. Most corals appear to have a limited number of gross morphological responses to disease; tissue loss or bleaching can also result from environmental stressors, so pathogen identification and precise disease description are critical first steps toward understanding disease processes (14) .
Koch's postulates of disease causation have been utilized in the field of coral disease research as guidelines for identifying a microorganism, rather than an environmental stressor, as the cause of a specific disease (15) . In general, a causal relationship between disease and pathogen is inferred after isolation of the pathogen from diseased but not healthy hosts, isolation of the microorganism in pure culture, experimental induction of disease in healthy hosts by the microorganism, and reisolation of the identical microorganism from experimentally infected hosts. Five coral pathogens have fulfilled Koch's postulates: Aurantimonas coralicida (16, 17) , Serratia marcescens (3, 18) , Vibrio shiloi (19) , Vibrio owensii (11) , and Vibrio coralliilyticus (8, 20) .
V. coralliilyticus is a pathogen of particular concern because it has broad host and geographic ranges. Strains of V. coralliilyticus have been isolated from diseased corals in the Indian Ocean and Red Sea (4), the Caribbean (21) , and the Great Barrier Reef and Micronesia (8) , and strains have been shown to infect coral of the genera Pocillopora (20) and Pachyseris, Acropora, and Montipora (8) . V. coralliilyticus has also been shown to infect noncoral hosts that include the mussel (Perna canaliculus) larva (22) and the rainbow trout (Oncorhynchus mykiss) (23) .
Although various strains of V. coralliilyticus infect a broad range of hosts, pathogenesis has been studied predominantly in the strains BAA-450 and P1, which infect the corals Pocillopora damicornis and Montipora aequituberculata, respectively (4, 8, 20) . Water temperature plays a prominent role in the infection of P. damicornis by BAA-450 (24) . Infections at temperatures from 24 to 25°C cause bleaching of the coral host, whereas infections at 27 to 29°C cause tissue loss, and BAA-450 is avirulent at temperatures below 22°C. Increased concentrations of proteins that contribute to the virulence of other bacterial pathogens are present in or secreted by V. coralliilyticus strains BAA-450 and P1 at the higher temperature range, perhaps explaining the temperature-dependent change in disease presentation (25, 26) . The level of one protein, FlhA, increased 10-fold when the temperature was shifted from 24 to 27°C (26) , and an intact flhA gene was required for chemotaxis, attachment, and virulence with the coral P. damicornis (27) .
In Ka ne'ohe Bay, Hawai'i, Montipora capitata, one of the major reef-building corals, is affected by a tissue loss disease called Montipora white syndrome (MWS) (28) . MWS has two disease presen-tations: a progressive infection designated chronic MWS (cMWS) that is caused by Vibrio owensii strain OCN002 and is characterized by subacute tissue loss and a comparatively faster acute infection designated acute MWS (aMWS) (11, 28) . The infectious potential of aMWS was observed during outbreaks of rapid, widespread tissue loss in 2010 and 2011, with transmission observed between neighboring coral colonies in contact with one another (G. S. Aeby, unpublished data). Tissue loss from corals with aMWS was hypothesized to be caused by an infectious agent like that which causes cMWS and not an environmental stressor.
This study focused on the pathogenesis of V. coralliilyticus strain OCN008, which contrasts with the temperature-dependent infections of BAA-450. Koch's postulates were fulfilled for strain OCN008, establishing it as an etiological agent of acute Montipora white syndrome. OCN008 induced tissue loss on M. capitata fragments but not fragments of Porites compressa, suggesting host specificity for OCN008 infections. Comparative genomics showed that OCN008 possesses many of the putative virulence factors upregulated in strains BAA-450 and P1 in response to increases in temperature, despite the reduced influence of temperature on virulence. OCN008 is the first pathogenic V. coralliilyticus strain isolated from Hawai'i.
MATERIALS AND METHODS
Coral collection, bacterial strains, and growth conditions. Samples of Montipora capitata and Porites compressa for infection trials measured approximately 3 by 3 by 1 cm and were collected from a fringing reef surrounding the island Moku o Lo'e in Ka ne'ohe Bay, Hawai'i, which is dominated by these two coral species (28) . All collected fragments were allowed to recover for 3 days in flowthrough seawater tables prior to the start of the experiments (11) .
V. coralliilyticus strain OCN008 was originally isolated from a fragment of P. compressa as described previously (29) . Strains OCN018 and OCN019 were isolated from diseased M. capitata displaying signs of cMWS in the same manner as OCN008. Control bacterium Alteromonas sp. strain OCN004 was isolated from healthy M. capitata as previously described (11) .
Marine bacteria were grown in glycerol artificial seawater (GASW) medium (11, 30) and incubated at 25°C with aeration unless otherwise stated. Thiosulfate citrate bile salts sucrose (TCBS) agar (Sigma-Aldrich) was prepared according to the manufacturer's instructions and incubated at 25°C for the growth of Vibrio strains. Escherichia coli strains used for conjugation were maintained on Luria-Bertani (LB) medium (SigmaAldrich). Conjugations were conducted as previously described (11) on LB medium supplemented with 2.0% NaCl. Concentrations of antibiotics were 50 g/ml for kanamycin, 100 g/ml for spectinomycin, and 100 g/ml for ampicillin.
Identification of bacterial strains. The 16S rRNA gene of strains OCN008, OCN018, and OCN019 was amplified and sequenced using primers 8F and 1513R (31) (see Table S2 in the supplemental material). Multilocus sequence analysis (MLSA) employed concatemerized partial sequences of the genes pyrH, gapA, mreB, ftsZ, gyrB, and topA. PCR, sequencing, and MLSA were performed with the primers and by the protocols described previously (11) .
Phenotypic characterization. Extracellular enzyme activity potentially related to virulence was assessed at 23 or 27°C in triplicate using skim milk agar (Becton, Dickinson and Company) for protease activity, methyl green DNase agar (Becton, Dickinson and Company) for DNase activity, and 5% sheep blood Trypticase soy agar (Becton, Dickinson and Company) for hemolysin activity. The results from the indicator plates were evaluated according to the manufacturer's instructions. Salt tolerance was tested in triplicate by spectrophotometric assessment of growth in LB broth with final NaCl concentrations ranging from 0% to 1.0% in 0.1% increments and ranging from 1% to 10% in 0.5% increments. Growth rate was determined with aerated liquid GASW cultures inoculated 1:10,000 from an overnight culture at 23 or 27°C in triplicate. Every hour for 36 h, the optical density at 600 nm (OD 600 ) was recorded, and dilutions were plated on solid GASW to calculate the numbers of CFU/ml.
Laboratory infection trials. Coral fragments were acclimatized to infection trial temperatures over the course of a day prior to inoculation. Seawater passed through a 0.2-m-pore-size filter (filtered seawater [FSW] ) was used for all laboratory trials. Infection trials utilized a block design with fragments from the same colony exposed to FSW, control bacterium OCN004, or strain OCN008, as previously described (11), with the following minor modifications. Each replicate in each infection trial was collected from a unique coral colony. Control bacterium OCN004 is a strain of Alteromonas previously isolated from healthy M. capitata (11) . Each fragment was tested separately in its own primary 4-liter container filled with 3 liters of FSW. Each set of primary containers was maintained in a larger, freshwater-filled secondary container that was fitted with water pumps and heaters for temperature control. Water was heated to 23 or 27°C, the average low and high sea surface temperatures of Ka ne'ohe Bay, respectively (32) . For infection trials testing the effect of temperature, fragments at 27°C had corresponding fragments from the same colony at 23°C to account for genotypic differences between coral colonies.
To prepare inocula for the infection trials, an overnight culture of the desired strain was diluted to an OD 600 of approximately 0.03 in GASW and incubated at either 23 or 27°C, depending on the infection temperature. Cultures grown to an OD 600 of 1.6 were washed and diluted with FSW to an OD 600 of 0.8 for inoculation. Each tank was inoculated to a final concentration of 10 8 CFU/ml of water unless indicated otherwise. For determination of the minimal infectious dose, serial 10-fold dilutions of the standard inoculum were used to generate final concentrations of 10 7 , 10 6 , and 10 5 CFU/ml of seawater. Cultures were diluted in FSW immediately preceding exposure to corals during trials and plated to determine the numbers of CFU/ml. Corals were monitored daily, and individual experiments were run for a maximum of 28 days.
Reisolation and identification of OCN008. Prior to inoculation of corals, the RSF1010-derived vector pRL1383a was introduced into OCN008 through conjugation as previously described (11, 33) to genetically tag the bacterium. Fragments infected by tagged OCN008 were crushed in FSW, and serial dilutions from 1:10 to 1:10 6 were plated on solid GASW supplemented with spectinomycin, resistance to which was carried by the plasmid. From each crushed fragment, 30 colonies were screened for the plasmid by PCR using the primers pRL1383a-MCS-F and pRL1383a-MCS-R (11) (see Table S2 in the supplemental material). From each set of 30 colonies, five of the PCR products were sequenced as previously described to verify the identity of the plasmid (11) .
The primers OCN008-42310-F and OCN008-43080-R were designed to amplify 772 bp of an intergenic region of the OCN008 genome (see Table S2 in the supplemental material). The intergenic region was located between two divergent genes encoding a putative carboxypeptidase (GenBank accession no. ERB67101) and a pyridoxal phosphate-dependent aspartate aminotransferase (GenBank accession no. ERB66117). The intergenic region did not share significant nucleotide sequence similarity with any other sequence in NCBI, as determined by BLAST analysis. All isolates from the four corals infected with the tagged OCN008 were also screened by PCR using the primers for the specified intergenic region. Six corals infected with the nontagged OCN008 were crushed and plated on TCBS, and 10 bacterial colonies from each coral were screened with the primers for the intergenic region and primers for the 16S rRNA gene. The resulting PCR products for the 16S rRNA gene were sequenced using the same primers used for PCR.
Analysis and comparison of the V. coralliilyticus genomes. The genome used in this analysis was previously uploaded to GenBank under the accession number AVOO00000000 and annotated using the NCBI prokaryotic genome annotation pipeline (29) . The OCN008 genome was prepared for secondary analysis and genome comparisons using the Rapid Annotation using Subsystem Technology (RAST) server and SEED viewer, version 2.0 (34, 35) . Gene-to-gene comparisons were done with predicted amino acid sequences and conducted using RAST and the BLASTp program. Whole-genome in silico comparisons were done using the genome-to-genome distance calculator (GGDC), version 2.0, with the MUMmer alignment method (36) (37) (38) (39) .
Nucleotide sequence accession numbers. Newly determined sequence data were deposited in GenBank under accession numbers KF042020, KF042021, and KF042022.
RESULTS
Isolation and identification of a strain of V. coralliilyticus from healthy P. compressa. Strain OCN008 was isolated on solid GASW medium from the coral P. compressa (29) . It was initially chosen for further study on the basis of an apparent zone of growth inhibition of neighboring bacteria surrounding the colony. Details of the inhibitory activity will be presented elsewhere. OCN008 was identified as a strain of V. coralliilyticus on the basis of the sequence of the gene encoding the 16S rRNA (KF042020) and MLSA (Fig. 1) . Although not identical, OCN008 clustered with the previously described pathogenic V. coralliilyticus strains P1 and BAA-450.
V. coralliilyticus strains isolated from diseased Montipora capitata. Two strains of bacteria that produced zones of growth inhibition similar to that of OCN008 were cultured from an M. capitata fragment displaying signs of chronic Montipora white syndrome (cMWS). These strains, designated OCN018 and OCN019, shared 99% and 100% sequence identity with the 16S rRNA gene of OCN008, respectively (GenBank accession no. KF042021 and KF042022, respectively). Both strains clustered with strain OCN008 in MLSA, indicating that they are strains of V. coralliilyticus and are more similar to OCN008 than to other strains of V. coralliilyticus that have been described (Fig. 1) . Screening of bacteria from healthy M. capitata did not yield any V. coralliilyticus strains that were similar to OCN008.
Infection trials with M. capitata and P. compressa. In the field, colonies of M. capitata with aMWS are often observed adjacent to healthy colonies of P. compressa ( Fig. 2A) , suggesting host specificity of the causative agent of aMWS. To determine if strain OCN008 could infect M. capitata or P. compressa, healthy coral was exposed to 10 8 CFU of OCN008 per ml of water at 27°C. All M. capitata fragments displayed acute tissue loss between 12 and 96 h postexposure, indicative of a cause-and-effect relationship between exposure to OCN008 and aMWS (McNemar's test, P ϭ 0.001, n ϭ 12) ( Fig. 2B and C ; Table 1 ). In contrast, none of the P. compressa fragments (n ϭ 6) developed tissue loss under the same conditions. None of the control M. capitata fragments maintained in FSW without added bacteria (n ϭ 12) or fragments exposed to 10 8 CFU/ml of the bacterial control OCN004, a strain of Alteromonas (n ϭ 12), displayed signs of tissue loss during the experiment. When healthy M. capitata was exposed to strain OCN019, 90% of the fragments displayed tissue loss between 12 and 96 h postexposure, supporting a relationship between exposure to a strain of V. coralliilyticus and the initiation of tissue loss (McNemar's test, P ϭ 0.007, n ϭ 10). We conclude that OCN008 and similar strains are capable of infecting healthy M. capitata but not P. compressa.
Minimum infectious dose.
To determine the minimum concentration of OCN008 required for infection, M. capitata fragments were exposed to different concentrations of OCN008. All M. capitata fragments exposed to 10 8 CFU/ml of OCN008 (n ϭ 12) developed tissue loss, 17% developed tissue loss with exposure to 10 7 CFU/ml (n ϭ 12), and no tissue loss was observed in fragments exposed to 10 6 or 10 5 CFU/ml (n ϭ 12 for each concentration; Table 1 ). Therefore, the 50% infectious dose (ID 50 ) of strain OCN008 was estimated to be between 10 7 and 10 8 CFU/ml of seawater. All of the control fragments exposed to FSW alone (n ϭ 12) and all fragments exposed to 10 8 CFU/ml of OCN004 (n ϭ 12) remained healthy for the duration of the experiment.
Influence of water temperature on OCN008 infection. Paired infection trials maintained at 23 and 27°C were used to determine if OCN008 infections were temperature dependent in a manner a Infected fragments represent the proportion of fragments infected under the conditions described.
similar to BAA-450 infections. Consistent with previous trials, all of the coral fragments exposed to OCN008 at 27°C were infected between 12 and 96 h postinoculation (n ϭ 6; Fig. 3 ; Table 1 ). Of the corresponding fragments kept at 23°C, 83% became infected between 24 and 192 h, and no additional infections were observed for the duration of the 28-day trial (n ϭ 6). Analysis of the KaplanMeier survival curves for infections at 23 and 27°C found a significant difference between the incubation periods of the disease at the two temperatures (log-rank test, P ϭ 0.0002, n ϭ 6). However, there was no significant difference for the risk of infection, defined as the likelihood of infection under certain conditions at 23 or 27°C (McNemar's test, P ϭ 1.0, n ϭ 6). This suggests that at elevated temperatures, M. capitata was infected earlier after exposure to OCN008 or the incubation time was shorter, but the risk of infection was unaffected. Reisolation of OCN008 from laboratory-infected coral. To facilitate reisolation of OCN008 and differentiate it from similar bacteria that may be naturally present on corals, plasmid pRL1383a was used to genetically tag strain OCN008 (33) . Tagged OCN008 was reisolated from all four corals infected by this strain, as evidenced by identical sequences of PCR products derived from the plasmid and a unique chromosomal region of the OCN008 genome.
In addition to recovery of the plasmid-tagged strain of OCN008, nontagged OCN008 was recovered from all six of the corals tested from the infection trials described in the section above. For each of the corals, all five bacterial isolates tested yielded a PCR product with primers specific to a unique chromosomal region of the OCN008 genome. Subsequent PCR amplification and sequencing of the 16S rRNA genes from reisolated OCN008 confirmed that they were identical to the 16S rRNA gene of the OCN008 laboratory stock. No isolates identical to OCN008 were isolated from control fragments used in the infection trials.
Phenotypic characterization of OCN008. To better describe V. coralliilyticus strain OCN008, some basic properties that may relate to its pathogenicity were evaluated. After 15 h of incubation at 27°C, OCN008 formed circular, opaque, mucoid, nonluminescent colonies on GASW agar, and colonies on TCBS agar were yellow, indicative of sucrose fermentation. Swarming motility was not observed, but at both 23°C and 27°C, beta-hemolytic, protease, lipase, and DNase activities were observed. OCN008 is naturally resistant to ampicillin (200 g/ml) and kanamycin (25 g/ ml). The maximum doubling time was calculated to be 14 min at 23°C and 11.5 min at 27°C. Growth of OCN008 was observed at NaCl concentrations ranging from 0.7% to 6.0% (wt/vol) after 15 h of incubation, with no growth outside this range of NaCl concentrations.
Comparison of the genomes of OCN008, BAA-450, and P1. In silico comparison of the BAA-450 genome, the draft P1 genome, and the recently released draft genome of OCN008 (29) revealed 84.30% Ϯ 2.75% similarity between OCN008 and BAA-450, 89.40% Ϯ 2.32% similarity between OCN008 and P1, and 83.20% Ϯ 2.82% similarity between BAA-450 and P1 using the genome-togenome distance calculator (35-38) (see Table S1 in the supplemental material). Proteomic analysis of BAA-450 by Kimes et al. (2011) identified genes encoding proteins upregulated after a temperature shift from 24 to 27°C (26) , and a majority of these genes were also present in the OCN008 genome (see Table S3 in the supplemental material). Sequence identity between proteins from BAA-450 upregulated at least 4-fold by temperature and the corresponding proteins from OCN008 was 97 to 100%. Additionally, RAST analysis identified 31 genes present in the OCN008 genome that were absent from the BAA-450 genome (see Table S4 in the supplemental material). Predicted amino acid sequences from virulence-associated genes annotated as encoding hemolysins, proteases, lipases, type III secretion systems, prophage-related proteins, type VI secretion systems, toxins, and toxin-antitoxin systems in OCN008 were compared to those from the BAA-450 and P1 genomes (see Table S5 in the supplemental material). A homolog of the zinc-metalloprotease vcpA (GenBank accession no. AFK08686), a proposed virulence factor of P1 (25) , was found in OCN008 (GenBank accession no. ERB62335) and BAA-450 (GenBank accession no. EEX33179). Two genes (GenBank accession no. ERB62950 and ERB62951) in OCN008 encode products similar to the V. cholerae RTX-like proteins, which have been suggested to be virulence factors for BAA-450 and P1 (25, 26) . The genes for four potential quorum-sensing (QS) systems were identified in the OCN008 genome by comparison to characterized genes in the well-studied models for QS, Vibrio campbellii strain BAA-1116 (formally V. harveyi strain BB120) and Vibrio cholerae O1 biovar El Tor strain N16961 (40, 41) (see Table S6 in the supplemental material). All putative QS proteins encoded in the OCN008 genome (GenBank accession no. ERB66061, ERB66059, ERB62645, ERB62643, ERB62642, ERB62963, ERB62962, ERB63170, ERB63172, ERB62567, ERB66350, ERB64458, ERB62341, and ERB62638) shared 98 to 100% identity with the corresponding proteins in BAA-450 and P1. Despite differences in regulation of pathogenesis, the three V. coralliilyticus strains share similar QS and virulence-associated genes.
DISCUSSION
This report describes OCN008, a virulent strain of V. coralliilyticus that infects the coral M. capitata, which induces the tissue loss disease aMWS. Strains very similar to OCN0008 were isolated in pure culture from diseased M. capitata, but none were isolated from healthy M. capitata. Healthy fragments of M. capitata were infected by OCN008 during controlled laboratory experiments, and OCN008 could be reisolated from infected fragments. The disease lesions observed in laboratory fragments appeared to be identical to the tissue loss lesions observed during aMWS outbreaks (11) . No tissue loss was observed from any of the fragments exposed to seawater alone or control bacterium OCN004, indicating that tissue loss was associated with exposure to OCN008 and not due to captivity or general exposure to a bacterial culture. Taken together, these results fulfill Koch's postulates of disease causation and identify OCN008 as a pathogen of M. capitata responsible for the tissue loss disease aMWS. The apparent resistance of P. compressa to concentrations of OCN008 that were lethal to M. capitata indicates host specificity for this pathogen. Field observations of healthy P. compressa colonies in contact with M. capitata colonies with aMWS are consistent with the observed host specificity in infection trials. Host specificity has been observed before with V. coralliilyticus. Strain P1, the etiological agent of white syndrome in M. aequituberculata, did not infect the coral Acropora millepora in infection trials, whereas a pathogenic strain of Alteromonas was infectious under the same conditions (42) . Clearly, differences in corals affect the susceptibility of each to infection by a given strain of V. coralliilyticus. V. coralliilyticus as a species is regarded as having a broad host range; however, individual strains, such as P1 and OCN008, may be more limited in their ability to cause disease in multiple host genera.
A large infectious dose of 10 7 to 10 8 CFU/ml of OCN008 was required for laboratory infection of M. capitata, yet inoculation with the same concentration of the avirulent, coral-associated Alteromonas strain OCN004 did not result in infection. Studies with the other strains of V. coralliilyticus, BAA-450 and P1, also report the use of comparatively high inocula in infection trials (8, 24) . Why might such a high infectious dose be required? Corals have a large suite of defensive strategies for protection from settling organisms (43, 44) . One such mechanism is thought to be mucous production and sloughing. Recent work suggests that the sloughing of mucus is effective at controlling the levels of the pathogen BAA-450 on the surface of coral, but this shedding mechanism can be overcome at levels of BAA-450 similar to the ID 50 found for OCN008 (45) . At concentrations at or below 5 ϫ 10 6 cells/ml seawater, the levels of V. coralliilyticus on the surface layer of corals appeared to be controlled by shedding, but after exposure to 5 ϫ 10 7 cells/ml, the levels of BAA-450 remained consistently at 10 6 cells/cm 3 on the coral surface. Therefore, a large infectious dose may be required for persistence of V. coralliilyticus in the presence of mucous sloughing and other host defenses. In response to bacterial challenge by P1, Acropora millepora upregulated components of the innate immune response, suggesting that secondary defenses also protect coral from opportunistic pathogens (42) . An additional level of protection against pathogens is thought to be conferred by antimicrobial compounds produced by the normal bacterial flora associated with corals. For instance, growth of the pathogens V. shiloi and V. coralliilyticus was inhibited by substances produced by bacteria isolated from the corals Oculina patagonica, Montastraea annularis, and Pseudopterogorgia americana (21, 46, 47) . The combined defensive potential of coral and its associated flora suggests that corals are not easily infected by any given bacterium. It is unknown what concentration of V. coralliilyticus is required for infection in the field or if a concurrent environmental stressor is a prerequisite for infection. Factors such as physical injury have been shown to be required for disease initiation in other coral diseases (48) . It is likely that OCN008 is persistent in the environment but specific conditions are required for disease to take place, a scenario consistent with sporadic outbreaks of aMWS in Ka ne'ohe Bay.
Strains similar to OCN008 were isolated from M. capitata fragments displaying signs of a chronic MWS infection, whereas no such strains were found in healthy M. capitata. This suggests that OCN008 may readily associate with compromised hosts but apparently not with healthy coral. Studies with coral from the field have shown that bacterial communities of diseased corals are enriched for Vibrios compared to communities on healthy coral (8) . V. coralliilyticus strains similar to OCN008 may readily colonize preexisting cMWS lesions that have reduced host defenses, consistent with the observation that infected corals switch between cMWS and aMWS in the field (G. S. Aeby and A. Smith, unpublished data). We have shown that OCN008 can initiate acute tissue loss in M. capitata. The next step will be to determine the complex relationship between coral host, multiple bacterial pathogens, and the environmental conditions that allow infections to occur.
All infections of M. capitata by OCN008 resulted in tissue loss, regardless of temperature, and no significant difference in the numbers of coral infected by OCN008 at 23 or 27°C was observed. This is in stark contrast to the association of temperature and disease state in strain BAA-450; at 27°C BAA-450 causes tissue loss in P. damicornis, whereas bleaching is observed at temperatures of 24 to 25°C (24) . It has been suggested that BAA-450 invasion of P. damicornis cells occurs only at elevated water temperatures, perhaps accounting for tissue lysis only at temperatures above 27°C (49) . Despite the differences in infection by the two strains, numerous genes encoding proteins that were upregulated in BAA-450 at elevated temperature (26) were also present in OCN008. Although sets of shared genes do not necessarily suggest a conserved mechanism of infection, the different effects of temperature on disease states may be indicative of differences in the regulation of virulence factors in the two strains or of differences in the host corals. While specific environmental factors promoting OCN008 infections are not yet understood, water temperature is not a primary factor in the infection of M. capitata by OCN008, indicative of strain variation and different host responses to V. coralliilyticus.
